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Controlled Nanoscale Morphology for Non-Linear Optics 

[CNM-NLO] 

ABSTRACT 

« 

This Invehtton relates to SuperNanoMolecular (SNM) structures fgrmed from 
carbdri naiiotubes with attached molecular spelcies on the. body of the tubes is 
then mixed with a polymer. The molecular species attached to the nanotubes is 
selected for its nonlinear optical properties. A polymer is produced from 
interfaclal polymerization that is used to align the SuperNanoMolecular (SNIVI) 
(nanotut>es and attached species) structures for potential waveguide, optical 
switching and other non4inear optical applications. ' 
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Claims 



What is claimed is: 

1 . The nanotubes tiay^-erihanced defect positfohs from either functibnalizatipn t^y pretreatment 
using plasma, ozone or ultra-sohication and then non-linear responsive molecules with 
specific luminescence tendencies are attached. These treated molecules (nanotubes and 
attachment to be known as SuperNanoMolecular (SNM) structures) are embedded into a 
solution where interfacial polymerization occurs and the SNM's are aligned 

2. The nanotubes of (1) are mixed with a polymer, oligomer, monomer or luminescent molecule 
to enhance-the OpliciaJ. properties of. the hahostructure and this formis lhe» 
SuperNanoMolec[ular (SNM) structure . . 

3. The nanotubes can be preferentially coated with differing molecules to alter their absorption 
proftie and hence their reactivity to differing light emissions 

4. The SNM can be formed from metallic nanoclusters bound to the functionalized nanotube 

5. The SNM can be formed from metallic nanowlres t>ound to the functionalized nanotube 

6. The nanoclusters used have an organic layer surrounding them to enable them to be bound 
to the nanotube body 

7. The coatings of (1-6) that fonm the SuperNanoMolecular (SNM) structure can be either 
covalently, hydrophocically or electrostatically bound to the nanotubes or alternatively bound 
via van der Waals forces to keep the differing molecular structures in place 

8. The SuperNanoMolecular (SNM) structures of (1-6) are aligned using interfacial 
polymerization 

9. The process of (8) can include: 

(a) Solubilizlng the product In step (8) with another organic material to form a suspended 
phase; and 

(b) Taking (a) and reacting with another organic component to produce a polymer 
surrounding the aligned nanotubes 

(c) Taking (b) and forming a composite in the morphological manner of (i) a thin film, (il) 
thread (ill) web (iv) suspended but soluble or insoluble pellet for future morphological and 
device applications 

10. The process of claim 8 where 

(a) The aligned nanotubes can be: 

(i) Mixed with another organic solvent, that solvent using weak interactions such as van 
der Waals forces to maintain solubility 

(ii) Mixed with an organic solvent containing a diacid or amine 

(b) The polymerization follows pretreatment of one component of the polymerization step with 
carbon nanotubes 

(c) The alignment of the tubes within the polymer matrix Is a controlling factor for 

morphological design and applications 
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1 1 . The SuperNanoMolecular (SNM) structures of (8) can also be composed of nanotubes with 
the attachment being a molecular structure that would enhance the entire non-linear optical 
properties 

12. The nonlinear optical SuperNanoMolecular (SNM) structures of (8) can then be formed into 
an optical fiber in the format of (8, 9 & 1 0) composites 

13. The nonlinear optical SuperNanoMolecular (SNM) stmctureis of (8) can also be formed into a 
thin film in the fonmat of (8, 9 & 10) composites for waveguiding (x^ effect) 

14. The nonlinear optical SuperNanoMolecular (SNM) structures of (8) can also be fonned into a 
thin film in the format of (8, 9 & 10) composites for optical switching (x^ effect) 

15. The nonlinear optical SuperNanoMolecular (SNM) structures of (8) can also be formed into a 
thin film in the format of (8, 9 & 10) composites for waveguiding (x^ effect) 

16. The nonlinear optical SuperNanoMolecular (SNM) structures of (8) can also be formed into a 
thin film, the thin film having electrodes through which an optical beam can pass through and 
be deflected, depending on the composite of (8, 9 & 10), fonmed using the materials nonlinear 

optical properties (x^ effect) 

17. The nonlinear optical SuperNanoMolecular (SNM) structures of (8) can also be formed into 
thin film modulators and/or directional couplers and/or optical flip-flops 



Description 



FIELD OF THE INVENTION 

This Invention concerns single and multi-walled carbon nanotube/organic molecular structures 
where the entire structure is a SuperNanoMoIecuIar (SNM) stmcture that possesses different 
optical qualities. We use luminescent and/or quantum dots to attach to the nanotubes, these 
molecular structures possess strong non-linear and/or luminescent optical properties. These 
properties then enhance the SuperNanoMoIecuIar (SNM) structures ability to act as the active 
optical component for nonlinear appliQatlons. Our Invention allows the formation of flexible, 
durable and enhanced performanc0 organic non-linear systems. The interfacial polymerization is 
used to align the nanotubes so that the SNIVI'$.dre morphologically and hepce ppto-fel^ctronrcally 
controlled in film' and fiber production. Control oif tlie funCtiorialization also ailowfe control of the - 
active sites along the nanotube body to take away the randomness of attaching molecules to the 
nanotube to fonm the SNM's. 



TECHNICAL BACKGROUND 

Extensive research has been canrled out on organic and polymer systems over the last decade to 
detennine optimum optical and electrical properties for possible electronic and opto-electronic 
applications. Progress towards producing polymeric materials in a robust opto-electronic fashion 
creates a host of problems which include sensitivity to intensity (power) within tiie polymer, long 
tenn Instabilities due to photo-chemical effects, low themial and electrical conductivity (necessary 
for transport related functions), and relatively low third order effects. It has become clear that 
novel approaches to property tailoring In polymer systems are required to maximize the beneficial 
properties of the polymers while reducing their inherent deficiencies. 

Carbon nanotubes have generated tremendous interest because of their unique combination of 
electronic, mechanical, chemical, and themnal properties. Potential applications reported have 
Included chemical probes, sensors, hydrogen storage, nanoprobes, and memory storage. 
Nanotubes have extraordinary mechanical, electrical and themial properties providing strong, 
light and tough physical characteristics. The tensile modulus and strength of some nanotubes 
ranges between 10 GPa to 1 TPa has been recently reported. The nanotubes exhibit an 
extraordinary perfonnance compared with graphite and Kevlar fibers, and stainless steel. The 
nanotubes are at least 100 times stronger than steel, but only one-sixth as heavy, making it ideal 
to bolster all engineering materials. Moreover, the nanotubes have high themnal and electncal 
conductivities that are far better than copper. However, production techniques, material impurities 
and handling difficulties make nanotubes an intriguing yet problematic material to use on its own 
successfully in today's processes. 

The present Invention relates to the active materials In non-linear optics, which are used in 
particular In the field of optical signal telecommunications and optical signal processing. In more 
concise detail, these materials may be used for generating harmonics, frequency translation, 
optical memories, optical modulators, optical amplifiers, and other such non-linear light interaction 
phenomena. 

Many materials have been proposed as suitable for non-linear applications. These Include 
inorganic materials such as gallium arsenide and lithium niobate. However, in the past research 
has focused on polymerized organic materials which may be used in non-linear optics. These 
organic materials make it possible to manufacture multilayer integrated optical circuits by 
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techniques already tried and tested on electronic integrated circuits. However, processing 
inorganic materials is comparatively expensive and normally come in the form of monocrystais. 
Organic materials allow much faster signal processing than the inorganic materials, because of 
their much greater rat^ of i^hange. of State and'egs.e oi hybridization change. Wti^ lookinsj ait 
suitability, organic materials are ideal for opfiral modulators, it Is possible to reduce the control 
voltage and the length of interaction between the lightwave and the control electric field thereby 
allowing easier use and a greatej flow of information. 

• 

The polymers which may be used in non-linear optics are generally used in film form. They are 
composed of a carbon skeleton onto which optically non-linear side groups or chromophoric 
groups are attached. In order for the material to be active in non-linear optics, it must be oriented 
so as to render the medium non-centrosymmetric. However, as orientation can lead to time 
dependent instabilities (samples degrade over time) these materials. In a practical sense, are 
unsuitable. However, combining nanotubes with such chromophores or side groups (inc. quantum 
dots) gives us the base material that is far more stable than previously used p conjugated 
systems. 

The activity of SNM's In non-linear optics originates from the unusual combination of the 
nanotubes (S\/VNT or MWNT) and side attachments at the defect sites. These side attachments 
that come in the form of oligomers, monomers, dimers. atomic nanoclusters, nanowires, colloids 
and nanoparticles are defined here as chromophores, for our uses in this case. Chromophores 
must be understood as meaning any structural unit whose interaction with the electromagnetic 
field of light generates the desired optical effect This effect can take place at resonant or non- 
resonant wavelengths. The activity of these chromophores in non-linear optics Is given by their 
hyperpolarizablllty. 

[01] One means of addressing some of the deficiencies of polymers in an electronic manner is the 
dispersion of nanostructures to create a polymer matrix that derives its electronic behavior from a 
cooperative behavior between the host and additive. The first work done in this area has resulted 
in extensive scientific interest resulting in a number of patents based on their electronic 
applications. Nanotubes have only recently been used as electrical or mechanical Inclusions in a 
polymer matrix because of the difftoulty in achieving efficient dispersion. 
[02] This difficulty Is primarily due to the non-reactive surface of pristine nanotubes. The first 
solubility for nanotubes was reported only 5 years ago where the polymer used (PmPV) also 
acted as a filter for nanoparticles resulting in a more purified sample of polymer and nanotubes in 
a composite. However, intrinsic van der Waais attraction among tubes, in combination with their 
high suri'ace area and high aspect ratio, often leads to significant agglomeration, thus preventing 
efflclent transfer of their superior properties to the matrix. Focus now must be on reducing the 
nanotube aggregation effect and dispersing the nanotubes in a more ordered fashion to enhance 
the overall macro properties of the host polymer. 

[03] Carbon nanotubes can be formed in a variety of manners, from arc discharge to CVD. They 
can be purified also through a variety of methods from oxidative methodologies, attachments with 
sulphonlc acids or simple plasma treatment. The resultant nanotubes are free of amorphous 
materials and polyhedra. Most carbon nanotubes end up with Yunctionalized' sites on the 
nanotube body. These sites can be in the fonri of structural defects formation (in the case of 
pentagon and heptagon), or they can simply be sp^ formation and possessing dangling bonds. 
[04] We use these susceptible or reactive sites as positions to bring other molecules along and 
attach them to the nanotubes. These molecules can be in the form of large complex polymers 
(from conjugated to non-conjugated systems) or small molecules, even In the case of atoms such 
as Se, simply colloidal type structures. We can attach them onto the nanotubes, and using this 
enhanced molecular structure to tune the molecules for optical properties. In our case we are 
using molecules that have strong photo-absorptive tendencies In order to enhance the optical 
photoconductive effect. 

[05] The primary aim of the work is to produce flexible highly efficient optical waveguides tiiat can 
be used on any surface or substrate. This would allow them to be applied to any surfac that 
received sufficient light for energy production without the cost of expensive mounts and cabling. 



[061 Another function of developing these SNM's is to control the morphology of the non-linear 
system. While others may attach nanopartides to nanotubes, no effort has been made to control 

roymhile ofhere U9e random attachments In a non-controlled manner to attach molecule spedes 
to the body of the tu6es, we niahgge to control the amount of functionalization and so also the 
attachments to the nanotube body - , ^i,^,^^ 

1081 Random attachments on sonr» Individual SWNTs may be possible In a no"-coni°" 
manner, we cah'^ls-o «Jo.otrot tlie amount of bundling ttiat ocqure in ttie nanotubes (e'tt^er S^NT 
or MWNT) in a hoh destmcfive manner, iso. Introdudng fcontrol into a system ttiat relied in the past 

on random statistical attachments. ■ „ . , • m^^* 

(091 Morphology control is so critical simply using nanotubes In a composite alone is msulficient to 
produce the required non-linear effect due to lower nonlinear responses, as well as having no 

control on the scattering. u»w^-.n«r% 
noi WhBe nanotubes in Uiemselves. whether in a composite or on Uieir own may have a non- 
linearity, as reported by S. Cun^o years ago. we do not wish to rely on this native non-linearity. 
but to collectively enhance the region occupied by ttie SNM witbin a polymer (fomilng ttie 
comooslte) while controlling the morphology. ., . .u 

[1 1] For telecommunications, control of the directionality of the SNM's Is cntical for aligning ttie 
optical field along ttie n-conjugated system as well as the nonlinear effects combined togettier to 

enhance the region around them. ^ . ^ ^ i , 

f121 We use either organic based materials and/or quantum dots attached to ttie nanotubes. then 
control the morphology of ttiese structures to minimize dispersion and scattenng of optical 

[ill The polymer matrix Is to be used as a protective and holding matrix as well as ^rjA\&\manl 

of me nanotubes ttiemselves. The use of interfacial polymerization will allow fibers and Uiln films 

to be produced over any surface. .. . .l. » 

[141 TTiese molecules attached to nanotubes can also be used to create strong dipoles that would 

enhance ttie materials nonlinear optical properties. Nonlinear optics has many potential 

applications, not in ttie least telecommunications and Infonnation technology mdustiy. 

f 1 51 The presence of the SuperNanoMolecular (SNM) spedes enhances nonlinear optical 

properties and also enhances stability of the composite while considering ttie effects of high 

power laser coupling for waveguiding or transmission .... . 

[16] The presence of ttie nanotubes in tiie fonnation of ttie SNM's also allows us to use stronger 

optical fields witti a reduced degradation effect from Uiose optical fields. 
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